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Objective: To analyze the wild marigold [(Tagetes minuta L.) (T. minuta)] leaf extract
with respect to phytochemicals and allelopathic activity.
Methods: The aqueous extracts of T. minuta leaves at concentrations of 50%, 75% and
100% were prepared. Preliminary phytochemical analysis was carried out and then
allelopathic effect of T. minuta on root length, shoot length, germination, fresh and dry
weight of Johnson grass and Sun spurge was tested on ﬁlter paper and in soil.
Results: Qualitative phytochemical analysis showed the presence of alkaloids, tannins,
saponins, ﬂavonoides and terpenoids. The higher concentrations proved to be signiﬁ-
cantly effective in reducing almost all the parameters of Sun spurge and Johnson grass in
ﬁlter paper bioassay. Supplemented with the soil, all concentrations of leaf extract
showed reduction in germination, root and shoot growth, fresh and dry weight of Sun
spurge; however, 100% concentration signiﬁcantly reduced the germination of Johnson
grass.
Conclusions: This study suggests that marigold allelochemicals can be used as an in-
tegrated weed management for the production of better crop yield.1. Introduction
Organic production is facing severe weed infestation problem
that lowers certain crop yields and their quality. Farmers and re-
searchers are continuously trying to ﬁnd the most effective and
sustainable management of weeds in organic farming. Still,
chemicals are used for controlling weed problems; however, in
certain cases, weeds develop resistance towards herbicides and
result in serious consequences. Cultural practices (crop rotations,
cover crops, mulching), solarization, stale seed bed preparation,
proper sanitation and composting, tactics to increase crop
competitiveness and physical methods for minimizing the weeds
on organic farms are proposed for effective weed management [1].
Hence, effective weed management is the only way to reduce
weed control cost. Allelopathy also has a great deal with weedcontrol management. Plants release certain chemicals into the
environment which impede the germination, growth or
development of other plants and it is called allelopathy [2]. The
aqueous extracts of the shoots, rain leachates and the root
exudates of plants are used in releasing allelochemicals [3,4]. So,
phytochemicals can be released either through decomposition
of plant residues, leaching, root exudation or volatilization [5].
The allelopathy can be used as a chemical warfare for
interspeciﬁc and intraspeciﬁc competition in plants [6,7]. A
number of plants produce poisonous substances so as to
obstruct metabolic process of plants which may inhibit the
growth of seed germination and seedlings [8]. The aqueous
extracts and volatile chemicals of plants may affect as
allelopathic nature on the root inhibition, hypocotyle growth,
cell elongation and cell division of seedling tissues [9,10]. Such
kind of activities can be considered as an ecological factor to
establish the vegetation structure [11].
Allelopathy can be used as the best option for weed control,
since there is a steady increase in herbicide resistance as well as
increasing agricultural costs [12]. Nowadays, scientists are focusing
on invasive species to identify and isolate phytochemicals withan open access article under the CC BY-NC-ND
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the succession of species, allowing them to establish as pioneer
species [13]. Nevertheless, the mechanism of allelochemicals and
plant response is very selective in determining the action of such
compounds [11]. Previously in arid and semi-arid areas of
Pakistan, some of the studies have previously been carried out on
allelopathic plants [14–17].
Wild marigold [Tagetes minuta L. (T. minuta)], locally called
“Sadbarga”, belongs to familyAsteraceae. It is an annual plant with
50–150 cm height. In Pakistan, it is found at 3000–11000 feet
height from above sea level and distributed in Punjab and Khyber
Pakhtunkhwa Provinces of Pakistan. It is also found in Bagh and
Azad Kashmir [18]. Due to the presence of speciﬁc phytochemicals,
invasive species could have allelopathic attributes. Being an
invasive species, it can play an important role in controlling
weed populations. Therefore, the main objective of this study
was to analyze the phytochemicals present in the wild marigold
leaf extracts and to ﬁnd out its allelopathic effects which may be
attributed due to such phytochemicals.
2. Materials and methods
Fresh mature green leaves of T. minuta were collected from
its natural habitats (Murree hill and Lehtrar, Kotli Sattian,
Punjab, Pakistan). They were rinsed with distilled water, kept
in paper bags individually and then put into the oven for
drying at 60 C. Subsequently after drying, it was crushed,
sieved in 200 mm mesh size and preserved in glass bottles for
further use. Voucher specimen (No. 2312) of plant and its
seeds were deposited in the National Herbarium, Islamabad for
the record.
2.1. Preparation of plant ﬁltrate
Twenty grams of leaf powder were saturated in 100 mL of
distilled water in a ﬂask and were agitated for 24 h on orbital
shaker at the room temperature. It was ﬁltered by using What-
man ﬁlter paper No. 1 and the solvent was removed by using
rotator evaporator. The extracts were weighed and stored in
plastic vials and labeled. Further concentrations (i.e., 50%, 75%
and 100%) of this extract were also prepared.
2.2. Qualitative phytochemical analysis
The qualitative phytochemical screening was done by
following the methodology of Edeoga et al. [19]. The plant
diffusates were employed for the screening of alkaloids,
tannins, saponins, ﬂavonoids and total phenolics, coumarins
and catechins.
2.3. Allelopathic evaluation
Allelopathic evaluation was carried out by using two
screening methods as follows.
2.3.1. Aqueous extract on ﬁlter paper
This assay was employed to explore the growth inhibitory
effects of water-soluble constituents [20]. Two layers of ﬁlter
paper were placed in each sterilized glass Petri dish of 9 cm
size. Weed seeds (10–20) were placed in each glass Petri dish
and 5 mL of extracts at different concentrations (50%, 75%and 100%) were added per dish. Petri dishes were kept in
replicates of 5 for each concentration. Distilled water was used
as a control. Squash tape was used to seal the Petri plates and
then incubated in the growth chamber for 10 days. This whole
set of experiment was repeated thrice for each weed species.
2.3.2. Aqueous extract in soil
For this experiment, soil and sand were collected from the
Research Farm of the National Agriculture Research Centre. The
collected soil was crushed, air-dried and sieved through a 20 mm
sieve in order to remove impurities. Soil (33%) and sand (67%)
were mixed in pots in order to make the ﬁnal mixture of 300 g.
Different amounts of leaf powder (2 g, 4 g and 6 g) were
thoroughly mixed with the soil and sand mixture. Weed seeds
(10–20/pot) were sown in pots. For control, no extract was used.
Three replications of each species at each concentration were
used. Pots were placed in glass houses and watered according to
daily requirements. Emergence of seedlings was recorded over 4
days of planting. Three treatments were used to investigate the
effect of leaf extract on the growth and germination of testing
weeds in soil.
2.4. Measurement of parameters
Fresh and dry weight, root and shoot length (mm), germi-
nation percentage and the growth percentage of root and shoot of
all germinated weeds in all screening methods were recorded.
Growth percentage of the root/shoot was calculated by the
following formula:
Growth percentage =
Average length of root=shoot in particular treatment
Average length of root=shoot in control
2.5. Statistical analysis
All the data were statistically analyzed in complete ran-
domized block. Multiple comparison tests for means were also
applied for those variables that showed statistically signiﬁcant
difference in ANOVA. Statistix 9 software was used for this
purpose.
3. Results
3.1. Phytochemical screening
Standard tests used for phytochemical screening showed the
presence of alkaloids, tannins, saponins, ﬂavonoids and terpe-
noids in leaf extract, whereas resins, steroids, phenolics, cou-
marins and catechin were found to be absent in this extract.
These results were in line with the ﬁndings of the previous
investigation [21].
3.2. Allelopathic screening
3.2.1. Aqueous extract on ﬁlter paper
3.2.1.1. Root length
The results were presented in Table 1. All the three con-
centrations of a leaf extract were applied to ﬁlter paper, which
affected non-signiﬁcantly on the root length of Sun spurge
(Euphorbia helioscopia), whereas 75% and 100% extract
Table 1
Allelopathic effects of wild marigold leaf extract at different concentra-
tions on root/shoot length, germination, fresh and dry weight of weeds on
ﬁlter paper.
Parameters Concentrations Johnson
grass
Sun
spurge
Mean
Root length (mm) Control 11.82ab 12.86a 12.34
50% 13.54a 12.40a 12.97
75% 1.80c 12.44a 7.12
100% 2.70bc 5.80b 4.25
LSD value 9.24 7.98 –
Shoot length
(mm)
Control 46.32a 36.67a 41.50
50% 45.10ab 15.80c 30.45
75% 3.00c 31.62ab 17.31
100% 14.30bc 21.90bc 18.10
LSD value 31.47 11.72 –
Germination (%) Control 26.00a 34.00a 30.00
50% 18.00ab 10.00c 14.00
75% 6.00b 28.00ab 17.00
100% 4.00b 16.00bc 10.00
LSD value 15.14 13.90 –
Fresh weight (mg) Control 30.00a 80.00a 55.00
50% 35.00a 40.00b 37.50
75% 35.00a 30.00b 33.00
100% – – 19.00
LSD value 30.00 30.00 –
Dry weight (mg) Control 20.00a 26.00a 23.00
50% 14.10a 15.00b 14.55
75% 8.01b 8.00b 8.00
100% 8.00b 6.00b 7.00
LSD value 10.00 10.00 –
Any two means carrying the same letter(s) (a, b, c, ab, bc) in a column or
row are non-signiﬁcantly different at P = 0.05. LSD: Least signiﬁcant
difference.
Table 2
Root length, shoot length, germination, fresh and dry weight of weeds
affected by wild marigold leaf extract at different concentrations in soil.
Parameters Concentrations Johnson
grass
Sun
spurge
Mean
Root length (mm) Control 10.50 17.28a 13.89
50% 16.86 8.14b 12.50
75% 9.76 8.10b 8.93
100% 9.60 6.00b 7.80
LSD value 10.20 4.61 –
Shoot length
(mm)
Control 27.10 66.72a 46.91
50% 44.90 40.42b 42.66
75% 36.36 39.44b 37.90
100% 49.80 41.94b 45.87
LSD value 39.50 40.88 –
Germination (%) Control 20.00ab 68.00a 44.00
50% 26.00a 28.00b 27.00
75% 22.00ab 20.00b 22.00
100% 8.00b 24.00b 16.00
LSD value 14.53 16.69 –
Fresh weight (mg) Control 30.00 110.00a 70.00
50% 40.00 30.00b 35.00
75% 40.00 20.00b 30.00
100% 20.00 10.00b 15.00
LSD value 30.00 30.00 –
Dry weight (mg) Control 10.00 20.00a 15.00
50% 10.00 10.00b 10.00
75% 10.00 4.00b 7.00
100% 10.00 10.00b 10.00
LSD value 10.00 10.00 –
Any two means carrying the same letter(s) (a, b, ab) in a column or row
are non-signiﬁcantly different at P = 0.05. LSD: Least signiﬁcant
difference.
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grass (Sorghum halepense).
3.2.1.2. Shoot length
The concentrations of 50% and 100% signiﬁcantly reduced
the shoot length of Sun spurge, whereas 75% and 100% leaf
extract concentrations signiﬁcantly reduced the same parameter
in Johnson grass (Table 1).
3.2.1.3. Germination percentage
Leaf extract at concentrations of 50% and 100% signiﬁcantly
reduced the germination percentage of Sun spurge, while the
same at 75% and 100% concentrations signiﬁcantly reduced the
germination percentage of Johnson grass (Table 1).
3.2.1.4. Fresh weight
All the three concentrations signiﬁcantly reduced the fresh
weight of Sun spurge, but 100% concentration reduced the fresh
weight of Johnson grass (Table 1).
3.2.1.5. Dry weight
All the three concentrations signiﬁcantly reduced the dry
weight of Sun spurge, while 75% and 100% concentrations
of leaf extract reduced the dry weight of Johnson grass
(Table 1).
3.2.2. Aqueous extract in soil
3.2.2.1. Root length
All the three concentrations of T. minuta leaf extract applied
in the soil, signiﬁcantly reduced the root length of Sun spurge,whereas, the same non-signiﬁcantly affected the root length of
Johnson grass (Table 2).
3.2.2.2. Shoot length
The shoot length of both weeds were checked like the root
length (Table 2).
3.2.2.3. Germination percentage
All the three concentrations signiﬁcantly reduced the
germination percentage of Sun spurge; while only 100% con-
centration signiﬁcantly reduced the germination percentage of
Johnson grass (Table 2).
3.2.2.4. Fresh weight
The tested concentrations signiﬁcantly reduced the fresh
weight of Sun spurge, but non-signiﬁcant results were observed
for Johnson grass (Table 2).
3.2.2.5. Dry weight
In the same way, all the three concentrations signiﬁcantly
affected the dry weight of Sun spurge, but there was non-
signiﬁcant effect on the dry weight of Johnson grass
(Table 2).
4. Discussion
The results of the ﬁlter paper bioassay indicated that the
highest concentration of the plant extract exhibited maximum
inhibitory potential for both of weeds. Johnson grass seems to be
highly susceptible against the T. minuta leaf extract that
inhibited the best for all tested parameters at 75% and 100%
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and 75% concentrations of plant extract did not affect the root
length, however, shoot length and germination percentage were
signiﬁcantly reduced at 50% and 100% concentrations. In fresh
and dry weight, all the tested concentrations signiﬁcantly
decreased these parameters.
Overall, Tagetes extract concentrations showed differential
response against tested broad and narrow leaved weeds. Similar
results were reported by Fikreyesus [22], who carried out
allelopathic acivity of Eucalyptus camaldulensis aqueous
extracts against tomato whose germination, root and shoot
growth were signiﬁcantly inhibited.
According to the results, the inhibitory effect of extracts was
found concentration dependent and higher concentrations (5%–
10%) showed maximum inhibition. Similarly, Ammi majus,
Guiera senegalensis and Salix species had greater inhibitory
effects on the root length as compared to shoot length of two
Sorghum bicolor cultivars [23]. Aqueous extract of the whole
plant of Anagallis arvensis reduced the shoot length of two
wheat varieties (i.e., Ghaznavi and Uqab) along with reduction
of root length, germination, fresh and dry weight [24].
The soil supplemented with application of the Tagetes leaf
powder showed interesting results against the selected parameter
of both weeds. The results for all the parameters except germi-
nation were non-signiﬁcant for Johnson grass. Its germination
was signiﬁcantly reduced at high concentrations. In other words,
the highest concentration effectively controlled the germination
of Johnson grass. In the case of Sun spurge, all the concentra-
tions signiﬁcantly reduced the root length, shoot length, germi-
nation, fresh and dry weight.
Previously, Tantiado and Saylo conducted a soil germination
assay to evaluate the allelopathic potential of aqueous extract of
three grasses such as Chloris barbata, Saccharum spontaneum
and Eleusine indica on the seeds of Lactuca sativa [25]. All the
extracts signiﬁcantly reduced the germination of Lactuca sativa
seeds. Chloris barbata showed a maximum germination rate,
while Saccharum spontaneum showed a minimum germination
rate in soil. In another study, tomato seeds were primed with
10%, 20%, 30%, 40% and 50% of aqueous extract of Vicia
sativa (Rewari), Anagallis arvensis (Billi booti), Convolvulus
arvensis (Lehli) and Euphorbia helioscopia (Chhatri dodak).
In the ﬁeld, 20% concentration showed the highest shoot and
root length of seedlings, however, it was also increased at
30% extract concentration [26].
Chemicals in plant extract affect cell division, cell elongation,
membrane permeability, mineral uptake, photosynthesis, respira-
tion and speciﬁc enzyme activity of plants. Direct mode of action
of allelochemicals is on plant growth and metabolism whereas
indirectly they affect soil properties, nutritional value and popu-
lation. In almost all the results, Sun spurge was highly vulnerable
against aqueous extract. Such kind of allelopathic activity may be
due to the antioxidant nature of the Tagetes extract [27].
This study identiﬁed the presence of terpenoids in Tagetes ex-
tracts that may be another cause of reduction in growth percentage
and dry weight of weed species. He et al. and Kordali et al. proved
the inhibitory effect of terpenoids on the seed germination and
seedling growth of Rumex dentatus [28,29]. Similarly, as saponins
are the plant glycosides, they inhibit the seed germination, root
and shoot growth of weed species [30]. Growth and inhibitory
germination potential of terpens [31], phenolics [32], ﬂavonoides
[33–35], and pesticidal potential of alkaloides played a key role in
allelopathic potential of T. minuta [36].Based on the results, it can be concluded that all the con-
centrations of T. minuta leaf extract can be used to effectively
control the germination, root length, shoot length, fresh and dry
weight of Sun spurge, but to control the growth of Johnson
grass, only 100% concentration was found effective.
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